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a first network is monitored. A signal of a second network is
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response to a determination that the predetermined amount of
time has elapsed, a connection of the communications device
to the second network is initiated.
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1
EFFICIENT USE OF A COMMUNICATIONS
NETWORK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/079,556, filed Apr. 4, 2011, assigned U.S.
Pat. No. 8,780,859, which claims the benefit of U.S. Provi-
sional Application No. 61/364,695, filed on Jul. 15, 2010, all
of which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

This application relates generally to telecommunications
and more specifically to telecommunications handovers.

BACKGROUND

Currently, mobile handsets have the ability to communi-
cate using one or more mobile network technologies, such as:
Global System for Mobile Communications (GSM); Code
division multiple access (CDMA); Integrated Digital
Enhanced Network (iDEN) or Long Term Evolution (LTE).
Mobile network operators have infrastructure in place around
the world supporting one or more of the aforementioned
mobile network technologies, forming worldwide mobile
communications networks. Each of these network operators
acquires one or more radio spectrum licenses from govern-
ment agencies setting forth discrete frequency ranges in
which it is permitted to operate.

When a mobile handset subscriber ventures outside of his
or her network operator’s coverage area, or if the subscriber’s
network coverage is interrupted for any reason, the mobile
handset may then switch to a roaming status so that it can
utilize the infrastructure of another mobile network operator.
If the subscriber’s network operator has an agreement with
another network operator that has network coverage for the
area covering the roaming mobile handset, the mobile hand-
set may then initiate a handover to the visited communica-
tions network. The mobile handset usage by the subscriber is
monitored and billed to the subscriber, usually at a higher rate
than would usually be charged by the subscriber’s normal
network operator.

Sometimes a handover occurs between a cellular network
and a non-cellular network, such as, for example, a WiFi
network (based on the IEEE 802.11 standard). Thus, a user
talking on a mobile handset that is both WiFi and mobile
network capable may have a call handed over between the
WiFi and mobile networks.

Many service providers charge by the minute, which can
result in an undesirable charge if the communication is brief
or if the subscriber’s network coverage is only temporarily
interrupted. Thus, it is advantageous to minimize the amount
of time that a subscriber spends using a network that is not
operated by his or her network operator. This is especially true
in the case of a handover from a WiFi network to a mobile
network.

Today, the logic that governs the handover from a mobile
network to WiFi is triggered by WiFi signal strength and/or
network connection quality. In most cases, this logic alone is
sufficient to manage handovers from a mobile network to
WiFi. In some cases a subscriber may frequently drift in and
out of WiFi coverage. Each time a subscriber drifts out of
WiF1i, a handover to a mobile network is triggered. Frequent
handovers between WiFi and a mobile network can result in
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extra mobile network usage costs because, for example, a
mobile network voice usage is rounded up to the nearest
minute.

For instance, a mobile phone user may be connected to a
mobile network for 15 seconds and then detect (and switch to)
a WiFi network. After 20 seconds connected to WiF1i, the WiFi
connection may start dropping packets, and the mobile phone
user may switch to the mobile network for a more stable
connection to complete the telephone call. After another 20
seconds, the telephone call may be terminated. In this
example, the telephone call was connected via the mobile
network for a total of 35 seconds, but because the mobile
phone connected via the mobile network for two separate
segments of 15 seconds and 20 seconds each, the mobile
phone user will be charged for 2 minutes of mobile network
time. If the call had remained connected to the mobile net-
work continuously, without switching to WiFi, a total of 55
mobile network seconds would have been used, but because
the mobile phone user would have been connected to the
mobile network for a single segment, the mobile phone user
would only be charged for 1 minute of mobile network time.

What is needed therefore are systems, methods, appara-
tuses, and computer program products to enable handover
logic that is cost efficient. The logic should enable handover
from a first network to a second network, such that the han-
dover logic makes the most economical use of the first net-
work before the handover is initiated.

SUMMARY

This section is for the purpose of summarizing some
aspects of the present invention and to briefly introduce some
embodiments. Simplifications or omissions may be made to
avoid obscuring the purpose of the section. Such simplifica-
tions or omissions are not intended to limit the scope of the
present invention.

In an embodiment, a duration of time a communications
device is connected to a first network is monitored. A signal of
a second network is detected. Next, it is determined whether
a predetermined amount of time has elapsed such that the
communications device makes efficient use of the first net-
work, and in response to a determination that the predeter-
mined amount of time has elapsed, a connection of the com-
munications device to the second network is initiated.

Further features and advantages of the invention, as well as
the structure and operation of various embodiments of the
present invention, are described in detail below with refer-
ence to the accompanying drawings. The invention is not
limited to the specific embodiments described herein. Such
embodiments are presented herein for illustrative purposes
only. Additional embodiments will be apparent to persons
skilled in the relevant art(s) based on the teachings contained
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and form a part of the specification, illustrate the
present invention and, together with the description, further
serve to explain the principles of the invention and to enable
a person skilled in the pertinent art to make and use the
invention.

FIG. 1 is a flowchart of a method 100 according to an
exemplary embodiment.

FIG. 2 illustrates network structure and communications
according to an exemplary embodiment.
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FIG. 3 illustrates another exemplary embodiment of net-
work structure and communications.

FIGS. 4A-4Cillustrate examples of handover logic accord-
ing to one embodiment.

FIG. 5 illustrates an example of handover logic according
to an embodiment utilizing two time thresholds.

The present invention will now be described with reference
to the accompanying drawings. In the drawings, like refer-
ence numbers can indicate identical or functionally similar
elements. Additionally, the left-most digit(s) of a reference
number may identify the drawing in which the reference
number first appears.

DETAILED DESCRIPTION OF THE INVENTION

Systems, methods, apparatuses, and computer program
products are provided to enable handover logic from a first
network to a second network, such that the handover logic
makes the most economical use of the first communications
network before initiating the handover. It should be noted that
while systems comprising two networks are described below,
embodiments comprising any number of networks may be
implemented. Embodiments may be applicable to any case
where there is a differential in cost between networks and
wherein network service providers charge using billing incre-
ments.

1. OVERVIEW

Typical wireless communications networks have coverage
areas with a limited range. Thus, a subscriber of a wireless
communications network may drift out of the range of the
network his or her service provider operates, or the subscriber
may experience connectivity issues with the network. In
either instance, a subscriber may then connect to a visited
network if the service provider has an agreement with the
visited network allowing for roaming access to the network
by the service provider’s subscribers.

Once the subscriber connects to the visited network, the
subscriber’s usage of the visited network will be monitored
and charged to the subscriber. However, usage of the visited
network is often much more expensive than usage of the
subscriber’s service provider network, and so it is desirable to
minimize usage of the visited network as much as possible
and to do so in a cost effective way.

Embodiments of the present invention solve these prob-
lems by providing systems, methods, apparatuses, and com-
puter program products for efficient use of a communications
network. In an embodiment, a system according to the present
invention determines whether the duration of time a commu-
nications device is connected to a visited network is sufficient
to optimize efficient use by the communications device of the
visited network.

For example, many service providers charge by the minute.
Therefore, if a communications device is currently connected
to a visited, non service provider network and has the option
of remaining connected to the visited network or connecting
to the service provider network, it is desirable to remain
connected to the visited network until a sufficient portion of
the minute to be charged has elapsed such that cost-effective-
ness is maximized. Ideally, it would be most cost-effective for
the full sixty seconds to be utilized by the communications
device before connecting to the service provider network.
However, to avoid inadvertently using time from the next
minute before a handover has completed, it may be desirable
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to initiate a handover a short period (for example, a few
seconds) before the full minute has been used by the commu-
nications device.

In an embodiment, the subscriber is a customer of a WiFi
service provider and accesses a communications network
through a WiFi access point using a mobile handset. The
subscriber may access the WiFi network through any WiFi
network access point operated by the service provider or by a
subscriber of the service provider. Ifthere is no available WiFi
network access point for the mobile handset, the mobile hand-
set may then attempt to initiate a handover to a visited net-
work (such as a GSM network) operated by a third party with
whom the service provider has a roaming agreement. How-
ever, because usage of the visited network is more expensive
than usage of the service provider network, the mobile hand-
set may continually search for an available WiFi network.

FIG. 1 illustrates a method 100 according to an exemplary
embodiment. While a communications device (e.g., a mobile
handset) is connected to a visited network (e.g., a GSM net-
work), the visited network and/or the communications device
may monitor 100 a duration of time the communications
device is connected to the visited network. When the com-
munications device detects 104 an available service provider
network (e.g., a WiFi network in the case of a WiFi service
provider), a determination 106 is made (e.g., by the mobile
handset or the service provider) regarding whether a prede-
termined amount of time has elapsed such that the commu-
nications device has made efficient use of the visited network.
In other words, a determination is made regarding whether an
effective portion of the visited network’s billing increment
has been utilized such that enough time remains in the current
billing increment of the visited network to (1) establish a
connection to a new (e.g., service provider) network; and (2)
disconnect the connection to the visited network at or before
the completion of its current billing increment.

For example, if the visited network charges by the minute,
it may be determined that it is most cost effective to switch to
the service provider network at a predetermined time window
or time threshold (e.g., a few seconds before the current
minute being charged has elapsed) so that excess time is not
wasted. In an embodiment, the time window (or time thresh-
old) is configurable. For example, the time window (or time
threshold) may be configured by a user or by a network
service provider. Once the time window or time threshold has
been reached, a handover to the service provider network may
then be initiated 108. In one embodiment, the handover is
initiated by the communications device. In another embodi-
ment, the handover is initiated by the service provider once
the service provider receives a message from the communi-
cations device. Once the handover is initiated, the communi-
cations device is disconnected from the visited network.

It should be understood that embodiments comprising any
number of networks may be possible. Further, each network
may be configured to use the same communication standard
or a different communication standard. For example, in an
embodiment both the service provider network and the visited
network may be GSM networks. In another embodiment,
both the service provider network and the visited network
may be WiFi networks. Additionally, for example, in some
embodiments three or more networks may be available, and a
determination may be made to switch to the most cost effec-
tive network.

2. NETWORK STRUCTURE

Network structure and communications according to an
exemplary embodiment will now be described with reference
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to FIG. 2. A communications device 200 may connect 202 to
a service provider network 204 through a service provider
network access point 206 or connect 208 to a visited network
210 through a visited network access point 212. As an
example, a user of communications device 200 is a subscriber
of a WiFi service. Thus, service provider network 204 is a
WiFi network, and access point 206 is a WiFi access point,
such as a wireless router. If no WiFi access point 206 of
sufficient signal strength and/or network connection quality is
available, the communications device 200 may connect to
visited network 210 through a visited network access point
212. As an example, visited network 210 is a GSM network,
and the visited network access point 212 is a cell tower. GSM
network 210 communicates with WiFi service provider net-
work 204 by sending information over the public internet 214,
and the WiFi service provider network 204 communicates
with the visited GSM network 210 by sending information
over the Public Switched Telephone Network (PSTN) 216.

3. ROAMING

Roaming according to an exemplary embodiment will now
be described with reference to FIG. 2. When communications
device 200 is connected 208 to visited network 210, visited
network 210 may then recognize the communications device
200 and note that it is not registered within the visited network
210. The visited network 210 may then determine ifthereis a
roaming agreement between the service provider network
204 and the visited network 210 (for example, by checking a
list of roaming agreements in a server 218 accessible by the
visited network 210 and may deny access of the communica-
tions device 200 to the visited network 210 if there is no
roaming agreement.

Upon determination that a roaming agreement exists, the
visited network 210 and/or the communications device 200
may maintain a record of information regarding the commu-
nication device’s use of the visited network 210, including a
duration of time that the communications device 210 is con-
nected to the visited network 210.

If the communications device 200 is connected to the vis-
ited network 210, and the subscriber uses the communica-
tions device 200 to send or receive data (e.g., sending or
receiving a mobile handset call), the communications device
200 will send this information to the visited network 210. The
visited network 210 may then contact the service provider
through a network accessible by the service provider (e.g., the
internet 214 in the case of a WiFi service provider) and send
a message, with the digits of the number to be called or the
number calling the communications device, informing the
service provider that a call is being made or received. The
service provider then returns a roaming number (generated,
for example, by a server 220 accessible by the service pro-
vider) to the visited network 210 by sending a message
through the PSTN 216 to the visited network 210. The visited
network 210 then launches the call.

4. COMMUNICATIONS DEVICE
REGISTRATION

Communications device registration according to an exem-
plary embodiment will now be described with reference to
FIG. 3. In the case of a communications device 300 register-
ing with a network 302 of a WiF1i service provider, the com-
munications device (for example, a mobile handset) 300
sends a signal to the service provider through a WiFi access
point. WiFi access points may include, for example, a wire-
less router 304 or 305, or public WiFi 308. In an embodiment,
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a WiFi access point 304 communicates via a Cable Modem
306 with a Cable Modem Termination System (CMTS) 310 at
the service provider’s head end, which connects to the service
provider private network 302 through a session border con-
troller 312. In another embodiment, a WiF1i access point 305
communicates via the Public Internet 323, which in turn
connects to the service provider private network 302 through
the session border controller 312. The communications
device 300 then registers with an application server 314
accessible by the service provider private network 302.

In the case of a communications 300 device registering
with a visited GSM network 316, the communications device
300 sends a signal to a visited network access point (for
example, a cell tower) 318 and communicates with a switch
center and/or location register 321 accessible by the visited
network 316. The location of the communications device 300
is updated, and the communications device is registered with
the GSM network.

In some embodiments, the service provider network may
also access a voicemail server 330 and/or a short message
server 326 for sending SMS messages through a SS7 network
328. Likewise, in some embodiments, the visited network
may connect to a short message server 326 through a SS7
network 328.

5. COMMUNICATIONS

Communication according to exemplary embodiments
will now be described with reference to FIG. 3. In the case of
a subscriber originated communication (e.g., mobile handset
call) over a WiF1i service provider network, the communica-
tions device 300 sends a signal through a WiFi access point
(e.g., 304,305, or 308) to the service provider private network
302 through either the CMTS 310 or Public Internet 323, as
applicable and session border controller 312. The communi-
cation is then routed to an application server 314, and the
outbound communication is routed to the PSTN 317 through
a PSTN trunk gateway 319 using a soft switch 320. The PSTN
317 routes the outbound call to the recipient, who answers the
call.

In the case of a WiFi service subscriber receiving a com-
munication from a caller using a GSM network, the commu-
nication is routed from the PSTN 317 through a PSTN trunk
gateway 319 to the private service provider network 302. The
soft switch 320 routes the call to the application server 314,
and the application server 314 returns an anchoring number to
the communications device 300 by sending a signal to the
communications device 300 through the session border con-
troller 312, either the CMTS 310 or Public Internet 323, as
applicable, and the WiFi access point (e.g., 304, 305, or 308)
connecting the communications device 300 to the service
provider private network 302.

In the case of a WiFi subscriber originating a call over a
visited GSM network, the communications device 300 sends
a signal to the visited network 316 through a visited network
access point 318. A switching center 321 accessible by the
visited network 316 sends a request for an anchoring number
to the service provider application server 314. The request is
sent over the public internet 322 to the service provider net-
work 302 through a session border controller 324. The appli-
cation server returns the anchoring number, through the pub-
lic internet 322, to the switching center 321 accessible by the
visited network 316. The switching center 321 then routes the
call to the roaming number using the soft switch 320 of the
service provider private network 302, and the soft switch 320
routes the roaming number to the application server 314. The
application server 314 then routes the call to the originally
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dialed party, using the soft switch 320, by sending a signal to
the PSTN 317 through the PSTN trunk gateway 319. The
PSTN 317 routes the call to the recipient.

In the case of a WiFi subscriber currently connected to a
visited GSM network and receiving a communication from
another party, the communication is routed from the other
party through the PSTN 317, through the PSTN trunk gate-
way 319, to the service provider private network 302. The soft
switch 320 routes the call to the application server 314, and
the application server 314 requests a roaming number from
the switching center 321 accessible by the visited network
316 by sending a request through the public internet 322. The
switching center 321 provides the requested roaming number
to the application server 314. The application server 314 then
routes the call to the roaming number, using the soft switch
320, by sending a signal through the PSTN trunk gateway 319
and the PSTN 317 to the visited network 316. The visited
network 316 then sends a signal to the communications
device 300 through the visited network access point 318.

6. HANDOVER
6.1. Overview

In telecommunications, a “handover” or “handoff” occurs
when a communications device transfers a connection from
an original network to a new network. For example, a han-
dover may be done because the communications device has
moved away from an area covered by the original network,
because the capacity of the original network is used up, or
because the connectivity of the communications device with
respect to the original network is limited, and a network
offering better connectivity is available. Ideally, ahandset call
or data session in progress is not interrupted during the han-
dover process.

In an embodiment, if a subscriber comes into range of an
access point of the service provider (e.g., a WiFi access
point), the communications device will detect the access
point (for example, using software installed on the commu-
nications device) and may then determine if the access point
has sufficient signal strength (e.g., by determining whether
signal strength is over a predetermined threshold) and/or
acceptable network connection quality characteristics (i.e.,
acceptable latency, jitter and packet loss). A determination is
then made (e.g., by the mobile handset or the service pro-
vider) regarding when it will be most cost effective to switch
to the service provider network. If it is determined that a
handover is to be made, the communications device will
begin the process of registering to the network of the service
provider and initiating a handover request.

If the subscriber is communicating with another party
when the handover request is initiated, communications
between the subscriber and the other party will not be inter-
rupted by the handover process. For example, if a subscriber
is currently on a mobile handset call with a party connected to
a GSM network, the subscriber’s mobile handset will send a
message to the service provider informing the service pro-
vider that a call is in progress. In an embodiment, the service
provider may then relocate the subscriber-facing leg of the
call to the service provider network and disconnect the sub-
scriber-facing leg of the call from the visited network. Ideally,
the subscriber-facing leg of the call is disconnected from the
visited network in a manner to avoid an audio gap and provide
a contiguous transition that is undetectable by the subscriber.

Handovers will now be described in accordance with an
embodiment with reference to FIG. 3. The communications
device 300 dials a handover public service number over WiFi
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8
by sending a signal through the WiFi access point service the
subscriber (e.g., 304, 305, or 308), either the CMTS 310 or
public Internet 323, as applicable, and the session border
controller 312, to the service provider private network 302.
The application server 314 answers the public service call and
reconnects the call legs and disconnects the GSM call leg.

6.2. Handover Logic

In an embodiment of the present invention, additional logic
is incorporated into existing communications network han-
dover logic to make the most economical use of a visited
communications network. An embodiment of the present
invention uses logic guided by the following factors: signal
strength, network connection quality, a network usage timer,
a time boundary, and a time window (or time threshold).
However, it should be understood that these factors are exem-
plary and another set of factors is possible for evaluating
whether a handover should be made.

In an embodiment, a communications device determines
whether a signal from another network has sufficient signal
strength and network connection quality before initiating a
handover to the network. In another embodiment, the com-
munications device determines whether a signal from another
network has a sufficiently low packet loss rate before initiat-
ing a handover to the network.

In an embodiment, when communication (e.g., a handset
call) originates on a visited network or is handed over to a
visited network, a network usage timer begins. The network
usage timer tracks the amount of time that the communica-
tions device connects to the visited network, and the network
usage timer may be evaluated before initiating a handover to
the service provider network to ensure that enough time has
been spent while the communications device is connected to
the visited network such that the visited network has been
used in an economically efficient manner.

To make this evaluation, the network usage timer may be
evaluated with respect to a time boundary and a time window
(or time threshold). In an embodiment, a time boundary cor-
responds to a quanta of time that is used by a network operator
for the purposes of charging a network user connected to the
network. For example, if a network operator charges by the
minute, a time boundary may occur each minute. A time
window (or time threshold) may correspond to a period of
time before the time boundary. In an embodiment, the time
window (or time threshold) is configurable (for example, by a
software client installed on the handset) and is set to maxi-
mize efficient use of the visited network before initiating a
handover, without inadvertently crossing the time boundary
before the completion of the handover occurs, including dis-
connecting from the visiting network. For example, in the
case of a network operator that charges by the minute, the
time window (or time threshold) may be set to a few seconds
before each minute. If a service provider network becomes
available, the communications device may wait until the time
window (or time threshold) has been reached before initiating
the handover to the service provider network.

In some embodiments, the network usage timer may be
ignored if the network that the communications device is
currently connected to has a weak signal or a high packet loss
rate. For example, if a communications device connected to a
GSM network detects a strong signal of a WiFi network, and
the GSM signal is weak, the communications device may
immediately initiate a handover to the WiFi network even if
doing so immediately would not efficiently use the GSM
network.
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6.3. Handover Examples

Examples of handover logic according to an embodiment
will now be described with respect to FIGS. 4A-4C. In an
embodiment, a mobile handset user subscribes to a WiFi
service provider operating a WiFi network. Because the
mobile handset user is not currently within range of a WiFi
network, the mobile handset 400 is connected, for example, to
a GSM network 401 operated by another service provider
with which the mobile handset user’s service provider has a
roaming agreement. The service provider operating the GSM
network monitors the duration of time 406 that the mobile
handset user connects to the GSM network. In an embodi-
ment, a software client on the mobile handset may also moni-
tor the duration of time 406 that the mobile handset user
connects to the GSM network.

Once the mobile handset user moves into range of WiFi, the
software client on the mobile handset may detect 412 the
WiFi connection and determines whether its signal strength
and/or network connection quality is above a predetermined
threshold. If the signal is strong enough, the software client
may initiate a handover if the GSM signal is weak. Otherwise,
the software client may then determine whether an efficient
use of the GSM network has been made before initiating a
handover to the WiFi network. This determination may
include evaluating the time that the mobile handset has been
connected 406 to the GSM network with respect to a time
boundary 402 and time threshold 404 set by the software
client. Time threshold 404 establishes a three second time
window before time boundary 402. For example, in FIGS.
4A-4C, the GSM network charges by the minute, so the
software client may set the time boundary to one minute, or 60
seconds 402. For the purposes of FIGS. 4A-4C, the time
threshold 404 has been set by the software client to be 3
seconds before the time boundary 402. Since the time bound-
ary occurs each 60 seconds, the time threshold occurs on the
57th second of each minute in FIGS. 4A-4C, setting a three
second time window to initiate a handover. The software
client may therefore wait until the mobile handset has been
connected to the GSM network three seconds prior to a new
minute boundary before initiating a handover to the WiFi
network.

FIG. 4A illustrates one example of handover logic accord-
ing to an embodiment. In FIG. 4A, the duration of time that a
mobile handset is connected to a GSM network is illustrated,
and time boundaries (e.g., 408), occurring every minute in
this example, are labeled. Time thresholds are shown as dots
(e.g., 410) before the time boundaries and are not necessarily
drawn to scale. In FIG. 4A, if the mobile handset has been
connected to the GSM network a total of two minutes and
thirty seconds, and a WiFi network becomes available 412,
the software client may determine that the mobile handset
should wait until the mobile handset has been connected to
the GSM network a total of two minutes and fifty seven
seconds (until it reaches the next time boundary 414) before
initiating a connection to the WiFi network. In other words,
the software client may evaluate (((TB-T)-NT)<=0)to deter-
mine whether a handover should be initiated, where TB is the
time boundary, T is the threshold, and NT is a network timer
monitoring the duration of time 406 the mobile handset has
connected to the GSM network.

In an embodiment, the network timer may be reset each
time a time boundary has been reached. However, it should be
understood that resetting the network timer is optional. For
example, in FIG. 4A, NT may be 30 (as the mobile handset
has been connected to the GSM network 30 seconds after the
previous time boundary 411), TB may be 60, and T may be 3.
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The software client may evaluate (((60-3)-30)<=0), which
evaluates as (57-30<=0), which is false. The software client
may therefore wait and keep evaluating the expression until
the expression evaluates as true, which will occur at the next
time threshold 414. At the next time threshold 414, the mobile
handset will have been connected to the GSM network for 57
seconds, so the expression will evaluate as (((60-3)-57)<=0),
which is true.

FIG. 4B illustrates another example of handover logic
according to an embodiment. In FIG. 4B, the mobile handset
detects 418 an available WiFi network when it has been
connected a total of two minutes and 58 seconds to a GSM
network. In this example, the detection 418 of the network
occurs after a time threshold 416 but before the next 3 minute
time boundary. The software client may evaluate (((60-3)-
58)<=0), which is true, since (57-58<=0) is true, and the
software client may therefore initiate a handover to WiFi.

FIG. 4C illustrates another example of handover logic
according to an embodiment. In FIG. 4C, the mobile handset
has been connected a total of three minutes and 10 seconds
before a WiFi network is detected 420. The software client
may evaluate (((60-3)-10)<=0), which is false, since (57-
10<=0) is false. The software client may then wait and keep
evaluating the expression until the expression evaluates as
true, which will occur at the next time threshold 422, since the
expression will then evaluate as (((60-3)-57)<=0), which is
true.

Similar calculations may be made if the network timer
(NT) is not reset each time a time boundary has been reached.
For example, in FIG. 4A, after an available WiFi network is
detected 412, the software client may instead calculate
(((180-3)-150)<=0), which is false. In this case, 180 is used
as the time boundary value because the next time boundary
occurs at 180 seconds, and 150 is used as the network timer,
since the mobile handset has been connected a total of 2
minutes and 30 seconds, or 150 seconds. The software client
may wait and keep evaluating the expression until it evaluates
as true, which will occur at the next time threshold 414. Atthe
time threshold 414, the software client will evaluate (((180-
3)-177)<=0), which is true.

6.4. Second Time Threshold

In an embodiment, a second window (or second time
threshold) may be used to set a time after which a handover is
not initiated. In some cases, a service provider may use a
second time window (or second time threshold) to prevent
initiation of handover due to a risk of failing to complete a
transition before a new billing increment is started. For
example, if a GSM provider charges by the minute, a second
time threshold may be set at one second before each minute.
In this example, even if an available WiFi network is detected
at or after the second time threshold, a handover to WiFi will
not be initiated because the handover may not successfully
complete before the new billing increment starts.

A second algorithm may be used as a further check to
insure that a handover to an available network is not initiated
if the available network is detected at a time before the next
time boundary but on or after the second time threshold. For
example, a software client on the communications device
may evaluate (((TB-T,)-NT)>0) to determine whether a
handover should be initiated, where TB is the time boundary,
T, is the second time threshold, and NT is a network timer
monitoring the duration of time the mobile handset has con-
nected to the GSM network.

FIG. 5 shows an example of an embodiment utilizing two
time thresholds. In FIG. 5, a mobile handset 500 is connected



US 9,420,505 B1

11

to a GSM network 501. In this example, the service provider
has set the time boundary 502 to each minute, or 60 seconds.
A first time threshold 504 is set to 5 seconds before each time
boundary 508, and a second time threshold 506 is set to 1
second before each time boundary 508, establishing a second
time window of one second duration. The first 510 and second
512 time thresholds are shown in FIG. 5 as dots before each
time boundary 508. It should be noted that FIG. 5 is not drawn
to scale for clarity.

InFIG. 5, the mobile handset detects 514 an available WiF1i
network when it has been connected a total of two minutes
and 59 seconds to a GSM network. In this example, the
detection 514 of the network occurs after the first time thresh-
old 516 and before the next 3 minute time boundary. There-
fore, the software client may evaluate (((60-5)-59)<=0),
which is true, since (55-59<=0) is true.

However, the detection 514 of the network occurs at the
second time threshold 514. Therefore, the software client may
evaluate the expression (((60-1)-59)>0), which evaluates as
false, because (59-59>0) is false. Thus, no handover is initi-
ated.

7. CONCLUSION

While various embodiments of the present invention have
been described above, it should be understood that they have
been presented by way of example only, and not limitation. It
will be apparent to persons skilled in the relevant art that
various changes in form and detail can be made therein with-
out departing from the spirit and scope of the invention. Thus,
the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodi-
ments, but should be defined only in accordance with the
following claims and their equivalents.

What is claimed is:

1. A method for determining when to initiate a disconnec-
tion of a communications device from a first network, the
method comprising:

determining whether the communications device is enter-

ing a coverage area of a second network;
determining a time window before a time boundary,
wherein the time boundary designates a time at which a
monetary cost for accessing the first network will
increase and is based on a unit of time used by a service
provider of the first network to charge for access of the
communications device to the first network; and

initiating the disconnection of the communications device
from the first network within the time window in
response to determining that the communications device
is entering the coverage area of the second network.

2. The method of claim 1, further comprising:

initiating a connection ofthe communications device to the

second network after initiating the disconnection of the
communications device from the first network.

3. The method of claim 1, further comprising:

initiating a connection ofthe communications device to the

first network in response to determining that the com-
munications device is leaving the coverage area of the
second network.

4. The method of claim 1, wherein the unit of time is one
minute.

5. The method of claim 1, wherein the first network is a
visited network, wherein the second network is a second
service provider network, and wherein a user of the commu-
nications device is a subscriber of a service provider of the
second service provider network.
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6. The method of claim 1, wherein the service provider of
the first network charges more for use of the first network by
the communications device than a second service provider of
the second network charges for use of the second network by
the communications device.

7. The method of claim 1, further comprising:

determining whether the service provider of the first net-

work charges more for use of the first network by the
communications device than a second service provider
of the second network charges for use of the second
network by the communications device.

8. A communications device, comprising:

a memory; and

a processor configured to:

determine a time window before a time boundary,
wherein the time boundary designates a time at which
a monetary cost for accessing a first network will
increase and is based on a unit of time used by a
service provider of the first network to charge for
access of the communications device to the first net-
work,

determine whether the communications device is enter-
ing a coverage area of a second network, and

initiate a disconnection of the communications device

from the first network within the time window in

response to determining that the communications device

is entering the coverage area of the second network.

9. The communications device of claim 8, wherein the
processor is further configured to:

initiate a connection of the communications device to the

second network after initiating the disconnection of the
communications device from the first network.

10. The communications device of claim 8, wherein the
processor is further configured to:

initiate a connection of the communications device to the

first network in response to determining that the com-
munications device is leaving the coverage area of the
second network.

11. The communications device of claim 8, wherein the
unit of time is one minute.

12. The communications device of claim 8, wherein the
first network is a visited network, wherein the second network
is a second service provider network, and wherein a user of
the communications device is a subscriber of a service pro-
vider of the second service provider network.

13. The communications device of claim 8, wherein the
service provider of the first network charges more for use of
the first network by the communications device than a second
service provider of the second network charges for use of the
second network by the communications device.

14. The communications device of claim 8, wherein the
processor is further configured to:

determine whether the service provider of the first network

charges more for use of the first network by the commu-
nications device than a second service provider of the
second network charges for use of the second network
by the communications device.

15. A method for determining when to initiate a disconnec-
tion of a communications device from a first network, the
method comprising:

determining a unit of time used by a service provider of the

first network to charge for access of the communications
device to the first network;

detecting a signal of a second network, wherein access of

the communications device to the second network is
more monetary cost efficient than access of the commu-
nications device to the first network; and
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in response to determining that a duration of time the
communications device is connected to the first network
is within a time window before a time boundary that is
based on the unit of time, initiating the disconnection of
the communications device from the first network and
initiating a connection of the communications device to
the second network.

16. The method of claim 15, wherein the second network is
operated by a second service provider, and wherein a user of
the communications device is a subscriber of the second
service provider.

17. The method of claim 15, further comprising:

determining whether the service provider of the first net-

work charges more for use of the first network by the
communications device than a second service provider
of the second network charges for use of the second
network by the communications device.
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